The purpose of this research is to examine the effects of activities based on 'Flipped Learning' approach on students' academic achievement and attitudes toward mathematics in mathematics lessons. A mixed method approach is used in this study. Quantitative data were collected through the academic achievement test developed by the researchers and the Mathematical Attitude Scale developed by Inan (2014) . The qualitative data were obtained from the semi-structured interview form and the learning logs of the mathematics lessons that the students kept during the activities. In the analysis of quantitative data of the study, Statistical Package of Social Science programme was used to calculate and analyse arithmetic mean, standard deviation and t-test. In the analysis of qualitative data, content analysis was used. It is found that 'Flipped Learning' approach positively affect students' academic achievement and attitudes toward mathematics in mathematics lessons.
Introduction
Rapid advances in information and education technologies in today's world have led to new trends in designing and practising more efficient and effective learning-teaching processes. Recently, Flipped learning is one of the attention-grabbing concepts in the field of education. Flipped learning is quite a different approach from traditional teaching practices, which requires some changes in teacher and student roles. Contrary to traditional teaching, Flipped Learning is a pedagogical approach that the aims to have learners gain information outside the classroom; enhance and reinforce their learning in the classroom environment.
Flipped learning is an approach stemming from the idea of swapping homework for classwork (Ash, 2012) . In flipped classrooms, learning is carried outside the classroom and individualised by means of technology (Kaya & Ozkeş, 2015, p. 101) . It gives students opportunities to access to content for the next class that is suitable for individualised learning through asynchronous systems. In other words, flipped learning may be defined as the replacement of homework with in class practices (Bishop & Verleger, 2013) . Bergmann and Sams (2012) and Zownorega (2013) define flipped learning as a method that allows students to learn theoretical information at home, as opposed to traditional methods and practise them in the classroom environment. On that note, flipped learning is basically about delivering classwork online and doing homework in the classroom (Kara, 2015) .
The main aim of flipped learning is to have students ready for learning practices in the classroom (Bristol, 2014; Demiralay & Karatas, 2014) . In this method, students deliver the theoretical part of a lesson at home through multimedia devices such as online videos and presentations. Also, in addition to the basic course materials provided by the teacher, students take the responsibility of their own learning and do more research to learn the assigned content (Seaman and Gaines, 2013) . Therefore, flipped learning supports learner autonomy by giving them the opportunity to reach the information anywhere and anytime by means of lesson videos (Talbert, 2012) . Another advantage of flipped learning is to move learning outside the classroom to deliver content; enhance learning and provide more opportunities for practice, which usually takes a great deal of time within limited class hours (Kong, 2014) . It also enriches the learning environment, which increases the effectiveness of lessons and makes learning and teaching more communicative (Gencer, Gurbulak & Adıguzel, 2014) . Other advantages of flipped learning include the opportunities for individualised learning regarding learning pace and styles as well as learning the content prior to practice; allowing students to take more responsibility of their own learning; and creating a more transparent learning environment carrying learning outside the walls of a classroom setting (Bergman & Sams, 2012; Miller, 2012; Herreid & Schiller, 2013) .
Purpose of the study
The purpose of this study is to explore the effect of flipped classroom practices on the attitudes of students in Math classes towards Math and their academic success in Math. The research questions are as follows:
 Do flipped classroom practices have an impact on students' academic success in Math classes?  Do flipped classroom practices cause a change in the attitudes of students towards Math classes?  How do the students perceive flipped learning approach?
The significance of the study
Math concepts are considered highly hard to teach because Math is based on abstract notions. In addition to its abstract nature, ineffective teaching methods are among the main causes of negative attitudes towards math lessons (TED, 1994, p. 49) . The main requirement of success in math depends on different and interesting approaches and methods used in learning and teaching processes. Ozyurt and Ozyurt (2017) state that different studies have been conducted about flipped learning in different fields ranging from educational sciences to nursing and medicine. In the relevant literature, there have been studies on flipped learning in teaching programming and algorithm in engineering (Ozyurt & Ozyurt, 2017) , in teaching biology (Moravec, Williams, Aguilar-Roca & O'Dowd, 2010) , in computer training (Talbert, 2012) , in teaching English (Boyraz, 2014) , in teaching writing in English (Ekmekci, 2014) and in physics classes (Winter, 2013) . Goodwin and Miller (2013) points out the fact that in the literature there is little research on the effectiveness of flipped learning by taking different variables into consideration. Also, few experimental studies on flipped learning may be found in the relevant literature and almost no studies on the applicability of flipped learning (Gencer, Gurbulak & Adıguzel, 2014) . So far, no studies have been reported on flipped learning in teaching math in our country. On that note, this study is aimed to fill this gap in the literature.
Limitations
In this studies, there are some limitations:
 The results are limited to 26 students participated in the study in 2016-2017 academic year; Grade 8 -Istanbul ehit Ahmet Onay Elementary School.  The content is limited to 'Pythagoras Theorem' under the theme 'Geometry and Measurement' on Math curriculum (Grade 8).
Methodology

Research design
Mixed method was employed in this study which aims to explore the effect of flipped learning about Phytogerean Theorem in relation to Geometry and Measurement in a Grade 8 Math class on students' academic success and their attitudes towards Math. To collect quantitative data, of the experimental models, one sample pre-test and post-test design was used. As for the qualitative data, a semi-structured interview form developed by the researchers and diaries kept by the participants in the process of study were utilised.
Participants
In this study, purposive sampling technique, one of the non-random sampling techniques, was used. 26 Grade 8 students (14 female and 12 male) formed the experimental group, studying at Istanbul Sehit Ahmet Onay Elementary School, who had a personal computer and Internet access at home.
Instruments
The quantitative data was collected by the Academic Success Test developed by the researchers and Math Attitude Scale (Inan, 2014) . The scale consists of 25 items-12 negative and 13 positive. The reliability score of the scale is 0.942. As for the validity of the Academic Success Test developed by the researchers, expert opinion (i.e. external audits) was referred and necessary changes in the items were made accordingly. This led to the conclusion that the items on the test were clear and intelligible; and were appropriately chosen for the target content. To ensure the reliability, the test was administered in a different school setting with different participants. The qualitative data was collected by the semi-structured interview forms (7 questions) and the digital Math diaries kept by the students in the process of study. To validate the interview questions, the form was given to three experts and necessary changes were made according to their feedback. 161
The analysis of the data
The analysis of the quantitative data was done by means of Statistical Package of Social Science (SPSS) and arithmetic means, standard deviation and paired sample t-test analyses were computed. As for the qualitative data, content analysis was used. The data from the semi-structured interviews and student diaries were analysed by means of content analysis method.
The experimental study application procedure
Prior to the experimental study, Math Attitude Survey and pre-test were administered in the group. Also, Google Classroom and Google applications (Drive, Youtube, Google Search, Google Calendar, Google+, Google Docs) were introduced and explained in detail by the Math teacher. The students received a 5-hour training in total about these applications. Then, the teacher opened a Google Classroom and the participants in the experimental group joined in the classroom. Flipped learning videos were shared with the students by means of Google Classroom. The videos prepared by the teacher were shared on Google Classroom to have the students come to the class prepared. In the course of the study, the students were informed via text messages and emails when the teacher shared something on Google Classroom, which helped ensure that the students would watch the videos before coming to the classroom. The students were also asked to keep diaries to reflect on flipped classroom practices. At the end of the process, the students were given the post-test and Math Attitude Scale.
The validity and reliability
In order to test the validity and reliability of the qualitative data, as suggested by Creswell (2003), Triangulation, External Audits, Rich & Thick Description and Chain of Evidence methods were utilised. In the study, two different collection methods were used, hence variety in data collection methods. The data from the Academic Success Test and semi-structured forms were analysed comparatively. In developing of the data instruments and determining the stages of the study, one expert in the educational sciences field contributed to the study. This expert has experience and studies in quantitative/qualitative research methods and technology integrated curriculum design.
In this study, the following measures were taken to ensure its validity and reliability: All stages in data collection and analysis processes were explained in detail. All the process, from the beginning till the end, was recorded. Conscious effort was put to ensure the objectivity. In the analysis and the interpretation of the qualitative data, direct quotations were taken from the participants' utterances. Also, different data collection tools were used. Different researchers took part in the study to ensure the accuracy of the data and the findings. Finally, the data, data analysis and coding were organised and stored for confirmation.
Findings
The findings are presented and interpreted under three headings: 'the effects of flipped learning in Math classes on students' academic success'; 'the effects of flipped learning on students' attitudes towards Math class'; and 'students' perceptions of flipped learning'.
The findings regarding the effects of flipped learning in Math classes on students' academic success
In order to investigate the effects of flipped learning in Math classes on academic success, pre-test and post-test were administered and the mean scores of pre-and post-test results were computed to find out if there was a significant difference between them by using t-test. Table 1 illustrates the results of the analysis. As seen in Table 1 , there is a statistically significant difference between the pre-test and post-test average academic success scores, which shows the effect of flipped learning on the academic success of students in Math. The average of students' Math pre-test scores is 9.65, standard deviation is 2.89, average post-test score is 12.76 and standard deviation is 3.63. The findings indicate an increase in the students' academic success. The t score of the average scores of pre-and post-tests, administered to evaluate the improvement of the participants in the Math class, was found to be significant at 0.05 level. This finding reveals that flipped learning has a positive impact on the students' academic success.
The findings regarding the effects of flipped learning on students' attitudes towards Math class
In order to find out the effects of flipped learning on students' attitudes towards math class, data on the attitude level of students towards math were collected and analysed to see if there was a significant difference by using paired sample t-test. In the interpretation of the findings, arithmetic means, standard deviation and p-value indicating the significance level were taken into consideration. Table 2 shows the results of the analysis. As seen in Table 2 , the comparative results of the pre-and post-attitude mean scores show that the post-attitude mean score (3.64) is higher than the pre-attitude mean score (2.85). Paired sample t-test was computed to find out if 0.79, the difference between the pre-and post-attitude mean scores, was significant and t value was found 6.39. This value is higher than 2.02 at 0.05 level at 25 degrees of freedom, which shows that flipped learning has an impact on holding positive attitudes towards math class.
The perceptions of students towards flipped learning
The perceptions of students towards flipped learning were also qualitatively explored via the semistructures interview form and digital student diaries. Their perceptions were analysed in five different categories. Table 3 shows the students' perceptions of the differences between flipped learning and previous practices in Math classes. Table 3 . Students' perceptions of the differences between flipped learning and previous practices in math classes It helped me come to the class prepared. (K-1, E-6, K-7, E-7, K-10, K-11, K-12, K-13, K-14) It helped me understand the subject better. (K-5, K-6, E-6, E-9, K-9, K-10) It was efficient. (K-1, E-3,K-2, K-4, K-11, K-14) My scores and my success increased. (E-1, E-3, K-2, E-6) It helped me answer the questions quickly. (K-3, K-6, E-5, E-7) It (the lesson) was more enjoyable. As seen in Table 3 , flipped learning was considered different from traditional math classes for some reasons such as helping them be prepared for the lesson; being effective; contributing to understanding; and increasing participation. In support of this, one student stated the following:
'Because it is computer assisted, it is better. Because it is more enjoyable. Classes without computer assistance might be boring. I can now do things via my computer or smart phone apart from paper. I mean I can do my homework anywhere with Internet access'. (E-10)
Also, another student (K-10) stated that flipped learning helped increase class participation, have them be prepared for the lesson and help them understand the content better as seen in the extract below:
'My participation in the lesson was not much previously because I did not know anything about the (target) subject. After watching the videos, we were like revising (the content) in the lesson. I understand the lesson better now'.
Students' perceptions of the skills that flipped learning enhances are shown in Table 4 . Table 4 . Students' perceptions of the skills that flipped learning enhanced More retention and better learning (K-1, E-1, E-2, E-3, K-7, E-10, K-11, K-14) Quicker problem solving skills (K-2, K-4, K-6, E-5, E-7, K-10) Regular study habits (E-3,K-2, E-10, K-12) Increase in comprehension (E-6, K-9, E-10, K-11) Internet skills (K-13, K-14) Thinking skills (E-7) Visual perception (K-1) Awareness of Math (K-5) To express yourself skills (E-8)
As seen in Table 4 , the majority of students stated that flipped learning contributed to retention and learning, improved their problem solving skills and helped maintain regular study habits. In addition, increased comprehension and computer skills were among the contributions that flipped learning provided. The following extracts from students support this.
'Thanks to flipped learning, I better understood the content and I started to study regularly'. (E-3) 'Watching the videos at home and revising them in the classroom contributed to our learning (and comprehension). We watch the videos prior to the lesson, so it is easier (to understand things)'. (K-11)
The data from the student diaries also provide support to flipped learning in helping them learn and retain information better. The student (K-3) expresses this in her diary as follows:
'Today we started to learn Pythagoras Theorem. We were ready for the class because we had watched the video Serdar (the teacher) prepared. We learned that the sum of the squares of the perpendicular edges in the right triangles is equal to the sum of the hypotenuse. The videos helped us better understand this'. (March 3, 2016) The advantages of flipped learning are given in Table 5 below. Table 5 : Students' perceptions of the advantages of flipped learning Helps understand the subject quicker (K-1, E-3, K-7, E-9, E-10, K-10) Is an enjoyable method (K-4, K-5, E-6, K-8, K-9) Provides access to the subject before the class (K-1, E-9) Provides easy access to information (E-2, E-4) Enhances learning and promotes success (E-3, E-5, E-6) Allows students to revise and review things again and again (K-2) Promotes positive attitudes towards Math (K-6, E-5) Helps us be more prepared for the lessons (E-7, K-10, K-11) Increases the interest in Math (K-10, K-14) Is more enjoyable and efficient than working individually (E-1) Helps make more time for Math (E-8) As seen in Table 5 , flipped learning is considered beneficial in helping students understand the subject quicker and come to class prepared; in providing students with opportunities to revise and review things again and again; and in being enjoyable and promoting positive attitudes towards Math. In support of this, some extracts from students' perceptions are given below:
'When there is something we do not understand, we can watch the video again. If it is still unclear, we can watch it again. That's why, it is a good method'. (K-2)
'Thanks to this (flilpped learning), we come to class more prepared and because we do activities about the things we know, the classes are more enjoyable'. (E-7)
'I like the way it (flipped learning) is available everywhere or it allows us to watch the videos (anywhere and anytime). Also, studying online via our telephones, tablets or computers makes it more enjoyable'. (K-14)
The data from student diaries also show that flipped learning helps students be prepared prior to the class, as seen in the following extract below: Table 6 below illustrates students' perceptions of the disadvantages of flipped learning. No negative sides/disadvantages. It is highly positive. (K-1, E-2, K-5, K-6, E-5, E-6, K-7, E-7, E-9, K-11) The number of tests I do has decreased. The test books are left untouched. (E-1) I had to sit longer hours in front of the computer. (E-3) I had trouble in downloading the videos. (E-9) Kahoot was a problem because I did not have a telephone. (K-9) The videos were short. (K-10) I am happy with that. Actually there is no problem. (K-7) There is nothing that I don't like. Indeed, I like it a lot. (E-7)
'I watched the videos Serdar (the teacher) shared with us: 'Pythagoras: The Father of the Numbers', 'Pythagoras Theorem' 'The Proof of Pythagoras Theorem'. Thanks to these videos, I learned the connection between Pythagoras, how to prove Pythagoras Theorem and the properties of Pythagoras Theorem'. (March 3, 2016)
As seen in Table 6 , the majority of the students stated that there was no disadvantage of flipped learning. However, some students pointed out some disadvantages that they had to sit longer hours in from of the computer screen and they had difficulty in downloading the videos.
Students' perceptions of the problems experienced in flipped learning are given in Table 7 below. As seen Table 7 , the most common problems experienced by students in flipped learning are the ones related to the Internet and downloading. The majority of the students expressed that they did not have any problems about flipped learning (see the extracts below).
'There was nothing I was unhappy with. Indeed, I liked it a lot'. (E-7)
'This study (flipped learning) was very beneficial to us. It helped us be prepared for the subject (prior to the class). So this is extremely good' (K-11)
Results, discussions and suggestions
This study aiming to explore the effects of flipped learning on students' academic success in math and their attitudes towards math utilised the mixed method approach in which quantitative and qualitative data were collected and analysed. The results of the study were presented by making connections with the findings of the quantitative and qualitative data.
The findings from the quantitative data revealed that flipped learning contributed to the academic success of students. This finding is similar to the findings of the study about the positive impact of flipped learning on students' success in math (Strayer, 2011) . In the literature, there are other studies showing the contribution of flipped learning to students' academic success in other subjects apart from math. The study done by Moravec, Williams, Aguilar-Roca and O'Dowd (2010) shows that flipped learning contributed to students' academic success in biology; and the study by Wetterlund (2008) reveals the same in archeology, as well as the fact that it promotes learning, in other words, makes learning easier for students.
This study revealed that flipped learning contributed positively to the students' attitudes towards math. The results are similar to the results of the studies conducted by Abeysekera and Dawson (2015) , Butt (2014) , Davis et al. (2013) , Gaughan (2014) , Kong (2014) and Sever (2014) , showing that flipped learning promoted positive attitudes towards math class and increased motivation.
Another aim of the study was to explore the perceptions of students towards flipped learning. On that note, the results revealed that flipped learning was considered more efficient that traditional ways of teaching math in helping students be prepared for the lesson, contributing positively to learning, enhancing retention, increasing success, promoting participation in class activities and being an enjoyable way of teaching/learning. In that sense, this result shows similarities with the studies done by Dogan (2015) , Findlay-Thompson and Mombourquette (2014), Mok (2014) and Turan and Goktas (2015) in terms of making learning easier and enhancing better learning. Many studies in the literature also show that students find easier to adapt to flipped learning; have positive attitudes towards it; and prefer it to traditional methods (Tan, Brainard & Larkin, 2015; Bosner, Pickert & Stibane, 2015; Wong, Ip, Lopes & Rajagopalan, 2014; Philipps, 2014; Tune, Sturek & Basile, 2013) . The studies by Heitz, Prusakowski, Willis and Fransk (2015) , Moffett and Mill (2014) and Wong, Ip, Lopes and Rajagopalan, 2014 reveal that students have positive attitudes towards flipped learning for reasons. For example, it provides positive learning experiences; and it is enjoyable, effective, productive and beneficial. Isman (2005) and Yalın (2003) state that because flipped learning practices appeal to different senses of students, it attracts more attention that traditional methods and it makes learning easier, hence enjoyable and quicker learning.
This present study shows that flipped learning is beneficial because it enhances retention, makes learning easier, promotes regular study habits, improves comprehension skills and helps develop computer skills. In addition to this, students find flipped learning quite effective because it makes learning easier; allows them to reach the information easily and review and revise things that they do not understand very well; helps them come to class prepared; makes remembering easier; increases interest in math; and is enjoyable. The study conducted by Ozyurt and Ozyurt (2017) also shows that the majority of students express positive attitudes towards flipped learning. Also, Miller (2012) find flipped learning effective because it allows students to learn at their own pace by letting them progress based on their skills and it provides students who miss classes due to absenteeism or illnesses with opportunities to reach the content whenever they want.
This study also reveals that the majority of students do not think that flipped learning had disadvantages. However, some students underline the fact that they have to sit longer hours in front of the computer and they have difficulty in downloading the videos. Based on the students' perceptions, the most common problems about flipped learning are the ones related to the Internet and downloading.
Considering the results of the study and the related literature, flipped learning is found quite effective and efficient in increasing academic success of students in math and promoting positive attitudes towards math. This might imply that applying new teaching methods in teaching-learning processes may help increase positive attitudes towards lessons and in having more efficient and effective lessons. It might also be stated that flipped learning is an appropriate and good method to apply in math classes and an effective variable in increasing positive student attitudes.
The following implications might be suggested considering the findings of the study:
 In math classes, flipped learning may be utilised to increase students' academic success in math and promote positive attitudes towards it.  In service training may be given to teachers to apply flipped learning in their classes.  An activity bank containing learning/teaching materials for math classes (e.g. videos, handouts etc.) may be created by working cooperatively with math teachers.  A study may be conducted to explore the effectiveness of flipped learning to improve students' math skills and promote positive attitudes in comparison with traditional methods.  In order to equip pre-service teachers with necessary skills to use flipped learning efficiently in their teaching, prior to their teaching career, their exposure to and active participation in flipped learning must be ensured by providing them with flipped learning practices. Hence, teacher candidates would be equipped with the skills to use flipped learning in their teaching as well.
